Abstract The aim of the present study was to examine whether the ability to judge action words and the ability to judge human actions share common mechanisms. With this purpose in mind, we proposed both a lexical and an action decision task to twenty-four healthy participants. For both tasks, the participants had to judge whether the stimulus that was presented (a letter string or a point-light sequence) was valid or not (i.e. a word vs. a pseudo-word, an action vs. a pseudo-action). The data analysis showed that the action decision task has common characteristics with the lexical decision task. As for verbal material, judgements of pseudo-actions were slower than judgements for actions. Moreover, we demonstrated that the ability to judge an action verb was positively correlated with the ability to judge a point-light human action, whereas no significant correlation appeared between nouns and point-light judgements abilities. This dissociation supports the argument that the judgement of action words and the judgement of human actions share a common but specific basis through the involvement of motor representations.
Introduction
''Embodied theory'' suggests that high-level cognitive processes are based on sensorimotor experience (Barsalou 1999; Wilson 2002) . In this context, a lot of works have shown that sensorimotor processes are involved during tasks implying semantic representations and/or processing (for a review, see Andres et al. 2008; Coello and BidetIldei 2012; Fischer and Zwaan 2008) . In the present study, we are particularly interested in the importance of motor processes in language understanding. In this framework, several studies have shown that language processing can influence ongoing motor performance (Boulenger et al. 2006; Gentilucci 2003; Glover and Dixon 2002; Nazir et al. 2008) . For example, processing action words interferes with the production of reaching movements when the two tasks occur at the same time (Boulenger et al. 2006) . Interestingly, it has been suggested that these effects are not the consequence of the conscious processing of the word . Indeed, presenting an action verb to a participant at a subliminal level during the preparation of a reaching movement was found to affect the kinematic parameters of the motor response. These findings demonstrate that action words can automatically influence motor processes even when the words are processed out of the consciousness. Interestingly, a recent study showed automatic bidirectional relationships between the production of an action word and the production of a human action (Liepelt et al. 2012) . When people have to open or close their hand, their response times increased when an incongruent action word was previously presented. In the same manner, when people have to pronounce action words, their response times were higher when an incongruent action was previously presented. This bidirectional effect was also sustained by cortical recordings in motor and language areas (Aravena et al. 2010; Ibanez et al. 2013) . Actually, Ibanez et al. (2013) have shown that language areas activity is affected when a current action is realized during the processing of action-related sentence and reciprocally, sentence processing affects motor cortical activity in premotor and primary motor cortex.
Studies of cerebral activations have equally provided arguments in favour of crosstalk between language and motor processes. Similar regions that include motor areas are activated when humans have to produce actions or have to pronounce action words (for a review, see Pulvermüller 2013) . However, this cerebral network could encompass a large cortico-subcortical network which is not restricted to somatotopically defined brain areas Ibanez et al. 2013) . Additional evidence comes from clinical reports that have shown a close link between movement disorders (e.g. Parkinson's disease, Huntington's disease, progressive supranuclear palsy) or lesions in the motor brain areas and language impairments when processing action words (Bak et al. 2001; Cardona et al. 2013; Cotelli et al. 2006; Peran et al. 2003 Peran et al. , 2004 . For example, when patients suffering from Parkinson's disease are off-dopa (i.e. without dopaminergic treatment), the presentation of a verb as a prime does not facilitate the subsequent judgment of an identical verb, but this facilitation occurs in healthy controls and on-dopa patients ). This effect confirmed that the integrity of the brain motor system is essential for action word processing (see also Cardona et al. 2013) .
In the present experiment, contrary to previous studies that investigated the influence of action words processing on action production, and reciprocally, we mainly focused on the hypothesis that both tasks share common sensorimotor representations and are based on similar mechanisms. Some studies have effectively suggested that understanding action words could be related to motor processing as well as to other functions that request motor representation, such as the visual judgments of human action (Aziz-Zadeh et al. 2006) . In this context, Springer and Prinz (2010) showed that semantic processing affects the ability to predict whether a static image shows a coherent continuation of a human action sequence that is partially occluded. Given that the ability to predict the result of a human action is linked with action simulation (Chary et al. 2004; Graf et al. 2007; Martel et al. 2011) , this effect suggests the existence of a relationship between action semantics and sensorimotor representations (see also Springer et al. 2012 ). In the same vein, Bidet-Ildei et al. (2011) clearly showed that the perceptual judgement of a human action can be facilitated by prior exposure to an action-related word. When participants had to discriminate a point-light running movement embedded in a mask, they were faster when they were previously exposed to the verb ''run'' in comparison with non-congruent action verb (i.e. throw) or neutral verb (i.e. think). Implication of motor representations is also sustained at a neurophysiological level by demonstrating that the superior temporal sulcus (STS), a cerebral area that is specifically activated during the observation of human movements, is also activated during the generation of sentences that implicate action verbs (Khader et al. 2010) .
Overall, the previous studies suggest that action-related language and action observation share common motor representations and are based on similar mechanisms. However, no study has thoroughly investigated this assumption, and this was the aim of the present work. More specifically, we aimed to test whether action word understanding and visual judgements of human actions share common mechanisms. For this purpose, the present study on healthy participants used two independent tasks, one implying the recognition of words (i.e. lexical decision task) and one implying the recognition of actions (i.e. action decision task). In the lexical decision task, the participants had to judge whether a letter string represented a valid French word. In the action decision task, the participants had to decide whether a point-light sequence represented a valid human action. Consequently, in both tasks, participants have to judge whether a set of signals (i.e. letters in the lexical decision tasks and point-light in the action decision task) represents or not something known (i.e. a word in the lexical decision task and an action in the action decision task). Therefore, from a methodological point of view, both tasks are very similar. If the action decision task shares common mechanisms with the lexical decision task, we should observe common characteristics on the processing of the two tasks. Specifically, both tasks should be perturbed (i.e. higher response time and/or less accuracy) by pseudo-material. Note that although the effect of pseudo-words is known in the language literature, no study has yet examined the effect of pseudo-action judgements. Moreover, correlational analyses between the lexical decision task and the action decision task should highlight the specific relationship between action words understanding and action observation. Specifically, we predict that the ability to judge action verbs should be related to the ability to judge point-light actions, whereas the ability to judge nouns (i.e. non-action words) should be unrelated to the ability to judge point-light actions.
Methods

Participants
Twenty-four French-speaking 18-to 25-year-old (mean age (M) = 20.1 years, standard deviation (SD) = 2.2 years) university students (16 females, 18 right-handed) participated in the experiment for course credit. Each participant was healthy, had normal or corrected-to-normal vision and had no history of motor, perceptual or neurological disorders. The experiment was performed in accordance with the ethical standards established by the Declaration of Helsinki. All participants provided their written informed consent prior to their inclusion in the experiment. Before testing, the participants were naïve to the aims of the experiment.
Material and task
The participants were required to complete both a lexical decision task and an action decision task.
In the lexical decision task, the participants had to decide whether a string of letters was a French word or not. The verbal material (see Table 1 , and ''Appendix 1'') consisted of thirty-eight French words (19 nouns and 19 verbs) that were selected from the French lexical database Lexique 2.0 (New et al. 2001) . All action verbs were in the infinitive form and represented human actions (e.g. write, smile), but the nouns referred to objects without specific motor associations (e.g. sword, building). The action verbs and nouns were matched for the relevant lexical variables, including word frequency, number of letters and syllables (see Table 1 for results of the different comparisons). The two linguistic word categories (i.e. nouns and verbs) have been selected to major the motor-relatedness difference while maintaining the imageability of words. Imageability was assessed by participants at the end of the experiment and revealed no difference between nouns and verbs (see Table 1 ). Motor-relatedness was assessed by 37 participants who did not participate in the main experiment and revealed that nouns are less motor-related than verbs (see Table 1 for results). Thirty-eight pseudo-words were added to the nouns and verbs. The pseudo-words were selected to elicit the ''no'' response of the lexical decision task. The pseudo-word targets were orthographically and phonologically legal sequences that were created by changing one or two letters in existing words (Quemart et al. 2011) . Both the words and the pseudo-words were presented in the centre of the screen in 26-point Courier New font.
In the action decision task, the participants had to decide whether a sequence of point-light displays represented a human action. Fifteen point-light human movements (see ''Appendix 2'' for a description) that represented translated or untranslated global human actions (e.g. turning cartwheels, jumping) in 2D were selected. The movements were composed of 13 points of light located on the main body joints (shoulders, elbows, wrists, hips, knees and ankles) and the head using the coordinates provided by a point-light actions corpus that is freely accessible on the following website: http://astro.temple.edu/*tshipley/ mocap/dotMovie.html (see Shipley and Brumberg 2005 for further details). Seven to thirteen dots were simultaneously visible during the duration of the animation due to transiently hidden points. The duration of the stimuli corresponded to one complete cycle of each human action (mean duration = 1,683 ± 399 ms). We created fifteen scrambled point-light motions (pseudo-actions) from these biological point-light human actions. Each of these scrambled movements was made from their biological equivalent by placing each biological dot at a random location that departed from the biological equivalent display. The dynamics of each scrambled dot were identical to the human actions in accordance with the biological kinematics of human movements. Therefore, the pseudo-actions followed biological kinematics but with a random position departure of each dot (i.e. with no coherent global form). The pseudo-actions had a duration that was equivalent to their biological equivalent movements. Each point-light sequence consisted of white dots (97 cd/m2, Ø: 0.65°v isual angle) that were presented on a dark background (0.14 cd/m2). Using the avi file MATLAB routine (http:// www.mathworks.com/), each sequence was transformed to an avi movie that had a 640 9 512 pixel size and a frame rate of 40 frames/s. The stimuli were presented at the bottom of the screen, as if the movements were made on the ground (see https://bv.univ-poitiers.fr/x/X54z3h for a demonstration of each sequence display and ''Appendix 2'' for a complete description). Given that normality and/or homogeneity assumptions were not respected for all variables, the significant differences were assessed with a nonparametric Wilcoxon test. The imageability was directly assessed by the participants at the end of the experiment. The motorrelatedness was assessed by an independent group of 37 adults (18 men, 19 women, mean age = 40.62 ± 11.03 years) *** Significant effect at p \ 0.001
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Procedure
The participants sat comfortably in a dimly lit room and faced a 17 00 CRT computer screen (Samsung 171S, spatial resolution: 1,024 9 768 pixels, sampling rate: 85 Hz) that was placed on a horizontal table at a viewing distance of 50 cm. The visual angle of the screen subtended at eye level was 26°vertical 9 32°horizontal. A computer keyboard was positioned on the table close to the body so that the participants could easily provide their response during the experiment by pressing one of the keyboard keys. The participants were required to complete both the lexical decision task and the action decision task, and there was a 5-min break between the two tasks (see Fig. 1 ). The order of the tasks was counterbalanced between participants; the even-numbered participants performed the lexical decision task prior to the action decision task, whereas the oddnumbered participants performed the action decision task first. This blocked procedure was chosen to avoid the participants to make a direct relationship between the action decision task and the lexical decision task. Moreover, the bock procedure was less confusing for the participants because they had not successively switch from the judgements of words to the judgements of point-light sequence and vice versa.
In the lexical decision task (see Fig. 1a ), the trial began with a fixation cross of 500 ms before the letter string appeared. The participants were required to judge whether the letter string was a word as quickly and accurately as possible. The letter strings remained visible until the participant's response was given or for a maximum of 5 s if a participant did not answer. Each participant was shown the 76 randomly presented letter strings (19 verbs, 19 nouns, 19 pseudo-verbs and 19 pseudo-nouns) .
In the action decision task (see Fig. 1b ), each trial started with the presentation of a black screen for 500 ms, after which the point-light display appeared. The thirty point-light displays (15 actions, 15 pseudo-actions) were presented in a random order. The participants were required to judge as quickly and as accurately as possible whether the point-light display represented a human action.
For both the lexical and action decision tasks, responses were given by clicking on an AZERTY computer keyboard. For the right-handed participants, the response ''yes'' corresponded to the letter ''P,'' and the response ''no'' corresponded to the letter ''A.'' The responses were inverted for the left-handed participants, so that the participants responded ''yes'' with their dominant hand.
The stimuli presentation and manual responses registration were under the control of the E-prime software (version 2.0, http://www.pstnet.com/). Accuracy and response time were recorded. Word imageability was estimated by the participants at the end of the experiment (1 = very easy, 5 = impossible).
Data analysis
Response accuracy and response times were assessed for each participant in each task. Moreover, to control for possible effects, we assessed word imageability for the nouns and verbs at the end of the experiment. Given the absence of normality in the data, the Wilcoxon test was used to analyse words imageability (results appear in Table 1 ).
To equalize the number of stimuli analysed in each condition (nouns/verbs and point-light sequence), we decided to remove four nouns and four verbs of our material.
1 The choice of the four verbs and the four nouns which were removed was decided using the motor-relatedness scale (see ''Appendix 1''). We are particularly interested by accentuating the difference of motor-relatedness between our word's categories (i.e. between nouns and verbs). Therefore, the four verbs with the lowest motor-relatedness scores and the four nouns with the highest motor-relatedness scores were removed (see ''Appendix 1''. With this procedure, the number of items in the lexical decision task over the action decision task was exactly twice (i.e. 30 words vs. 15 point-light sequences).
Accuracy and response times for good responses were assessed for the lexical and the action decision tasks without outliers' removal. Given that normality and/or homogeneity assumptions were not respected for all variables, we decided to perform analyses from the transformed values (arcsines transformation was applied for accuracy, and logarithmic transformation was applied for response times). For facilitating the readiness of results, inverse transformations were applied to report means in text and graphs.
The lexical task was analysed with a two-way analysis of variance (ANOVA) according to the stimulus category (noun, verb) and the stimulus type (word, pseudo-word) as within-subjects factors. In the action decision task, accuracy and response times were assessed by a one-way ANOVA according to the stimulus type (action, pseudoaction). The effect sizes were computed using eta-square estimates. Eta-squared varies between 0 and 1, and is interpreted in the usual way, i.e. 0-0.1 is a weak effect, 0.1-0.3 is a modest effect, 0.3-0.5 is a moderate effect and superior to 0.5 is a strong effect.
Moreover, to better assess the presence of similitude or dissociation between the action decision task and the lexical decision task, a subsequent ANOVA was made according to the category (nouns, verbs, action) and the type (valid, pseudo) of stimuli as within-subjects factors and the order of tasks (language action vs. action language) as a between-subjects factor. Post hoc comparisons were made with Duncan's test. Finally, pairwise Pearson's correlations were made between the response times of each type of stimulus (i.e. nouns, pseudo-nouns, verbs, pseudo-verbs, actions and pseudo-actions). Each correlation was statistically assessed using Student's t test.
Results
Correct responses
In the lexical decision task, accuracy varied with the stimulus type (F(1,23) = 11.4; p \ 0.01, g 2 = 0.33). The participants performed better for the words (M = 99.4 %, SD = 2.2 %) than for the pseudo-words (M = 97.2 %, SD = 3.9 %). No significant difference was observed for the stimulus category (F(1,23) = 0.95; p = 0.34), but a significant interaction was shown between the stimulus category and the stimulus type (F(1,23) = 4.93; p \ 0.05, g 2 = 0.18). The difference observed between pseudonouns and pseudo-verbs was higher than the difference observed between nouns and verbs.
In the action decision task, we found a significant effect of stimulus type (F(1,23) = 4.75; p \ 0.05, g 2 = 0.17). As observed for the lexical decision task, participants performed better action judgements (M = 94.4 %, SD = 7.4 %) than pseudo-action judgements (M = 88.1 %, SD = 11 %).
Response time
In the lexical decision task, the response times varied with the stimulus category (F(1,23) = 6.01; p \ 0.05, g 2 = 0.21). Shorter response times were found for the nouns (M = 735.09 ms, SD = 151.4 ms) than for the verbs (M = 759.6 ms, SD = 170.7 ms). Moreover, the words (M = 660.2 ms, SD = 101.04 ms) were recognized faster than the pseudo-words (M = 845.8 ms, SD = 249.7 ms, F(1,23) = 46.3; p \ 0.001, g 2 = 0.66). No interaction appeared between category and type of stimulus (F(1,23) = 2.5; p = 0.13).
In the action decision task, we obtained a significant effect of stimulus type (F(1,23) = 42.5; p \ 0.01, g 2 = 0.65). As observed for verbal stimuli, the response times were slower for the pseudo-actions (M = 1,459.5 ms, SD = 334.3 ms) than for the actions (M = 1,112.7 ms, SD = 276.7 ms).
Relationship between the action and the lexical decision tasks
Global analysis
For correct responses (Fig. 2a) , a significant effect of the stimulus category appeared (F(2,44) = 24.51; p \ 0.001; g 2 = 0.5). Duncan's post hoc comparisons indicate that words judgements were easier than action judgements (M words = 98.6 %, SD = 2.1 %; M action = 91.5 %, SD = 6.4 %, p \ 0.001), whereas no significant difference was found between nouns and verbs (M nouns = 98.3 %, SD = 3.5 %, M verbs = 98.9 %, SD = 2.5 %, p = 0.36). A significant effect of the stimulus type (F(1,22) = 13.9; Fig. 1 The procedure of the experiment for an even-numbered participant; for odd-numbered participants, the positions of the lexical decision task and the action decision task were counterbalanced. The arrow represents the sequence of one trial. For both tasks, as soon as the stimulus (a letter string in the lexical decision task and a pointlight display in the action decision task) was presented, the participants had to decide whether it was a French word or a human action, respectively, for the lexical decision task (a) and the action decision task (b). In both tasks, the participants answered with a computer keyboard. In all cases, the response ''yes'' was given with the dominant hand Cogn Process (2015) 16:57-67 61 p \ 0.001; g 2 = 0.38) was observed with more correct responses for valid stimuli (M = 98.4 %, SD = 2.9 %) than for pseudo-stimuli (M = 94.9 %, SD = 4.6 %). No significant effect appeared for the order of task (F(1,22) = 0.001; p = 0.97), but we obtained a significant interaction between order and stimulus category (F(2,44) = 4.09; p \ 0.05; g 2 = 0.16). No others interactions were significant (stimulus type 9 order of task: F(1,22) = 0.10; p = 0.75, stimulus type x stimulus category: F(2,44) = 2.58; p = 0.08 and stimulus type 9 stimulus category 9 order of task: F(2,44) = 0.36; p = 0.7).
For response times (see Fig. 2b ), a significant effect of the stimulus category appeared (F(2,44) = 159.2; p \ 0.001; g 2 = 0.9). Duncan's post hoc comparisons indicated that words judgements were faster than action judgements (M words = 747.2 ms, SD = 158.9 ms; M action = 1274.4 ms, SD = 277.3 ms, p \ 0.001), whereas no difference was found between nouns and verbs (M nouns = 735.09 ms, SD = 151.4 ms, M verbs = 759.6 ms, SD = 170.7 ms, p = 0.35). A significant effect of the stimulus type (F(1,22) = 53.26; p \ 0.001; g 2 = 0.7) was reported, with faster response times for valid stimuli (M = 785.7 ms, SD = 138.1 ms) than for pseudostimuli (M = 1,014.5 ms, SD = 247.08 ms). No significant effect was found for the order of task (F(1,22) = 0.05; p = 0.85) and for interactions (stimulus category 9 order of task: F(2,44) = 0.93; p = 0.40, stimulus type 9 order of task: F(1,22) = 0.65; p = 0.43, stimulus category 9 stimulus type: F(2,44) = 1.26; p = 0.29, and stimulus type 9 stimulus category 9 order of task: F(2,44) = 0.60; p = 0.55).
Correlational analysis
Pairwise Pearson's correlations 2 were performed between the response times of all categories and types of stimuli (see Table 2 and Fig. 3 ).
The individual response times for all verbal materials were positively correlated, which confirmed that judgments of verbal stimuli share common mechanisms. In the same way, response times for actions and pseudo-actions were also correlated. Interestingly, we observed equally positive correlations for all pseudo-material (verbal and non-verbal) which indicated that the rejection of pseudo-material (words or action) shares common characteristics. Finally, we observed a specific positive correlation between the response times for verb recognition and action recognition, whereas no correlation was found between the recognition of nouns and the recognition of actions. This finding indicated that the participants who were the fastest to identify the action words were also the fastest to recognize the point-light actions.
Discussion
The present study aimed to determine whether pointlight actions judgements and action words judgements share specific common mechanisms by comparing the behavioural performances in tasks that involve judgments of point-light actions (action decision task) or judgments of letter strings (lexical decision task).
The following lines summarize the main findings. Evidence for a significant difference between the judgments of pseudo-stimuli and valid stimuli was found in the lexical and action decision tasks for both accuracy and response times. In both tasks, the performance was better when the stimuli were valid (words or point-light human action) that when they were non-valid (pseudowords and pseudo-actions). Concerning the lexical decision task, our results are in line with the literature in language, which shows that pseudo-words are more difficult to judge than words (Grainger and Jacobs 1996) . In the present study, we obtained similar effects on both correct responses and response times for actions and pseudo-actions judgments. Interestingly, our pseudo- Fig. 2 Mean accuracy (a) and response times (b) according to the stimulus category (nouns, verbs, action) and the stimulus type (valid, pseudo). The error bars indicate one standard error. An asterisk indicates a significant difference, with p \ 0.01. Graphs have been made from the inverse arcsine and log transformations for the accuracy and the response time, respectively actions displayed the human kinematics of action but had random location departures. Consequently, as with the pseudo-words, the pseudo-actions were very similar to the valid actions. This finding suggests that judgment of pseudo-words and judgment of pseudo-actions are subject to similar constraints.
However, the present experiment indicates that action and words are treated differently in some aspects. Specifically, correct responses are lower and response times higher for actions than words. Following the known neurophysiological dissociation between occipito-temporal and occipito-parietal visual streams (Goodale 1998) , the difference between words judgements and actions judgements could be related to a pure neurophysiological dissociation where words could be preferentially treated in the ventral stream (e.g. Dehaene et al. 2005) , whereas actions could be preferentially treated in the dorsal stream (e.g. Gilaie-Dotan et al. 2011) . Moreover, we can also advance a role of the task's difficulty. Indeed, the analysis of several dynamic points required in the action decision task is more attentional consuming than the analysis of static letters required in the lexical decision task. It is also possible that participants are more familiar with words judgements than point-light actions judgements. Finally, the difference could be related to the choice of our stimuli. Actually, we decided to use 2D presentation of words and actions. However, if 2D presentation of words is classical, humans are more frequently exposed to 3D than 2D human actions in daily life. This could potentially explain the difference obtained in accuracy and response times between the words and action judgements. Nevertheless, it is unlikely that 3D action presentation would affect our results because recognition of 2D point-light human movements is known to be very performant in humans (Johansson 1973 ) and predisposed at birth in vertebrates (Simion et al. 2008; Vallortigara et al. 2005) . This point should be assessed in future experiments.
Importantly, the correlation analysis reveals a significant relationship between the response times to the verbs and the response times to the point-light human actions. Note that no such relationship appears with nouns. To account for this relationship between action verbs and point-light judgements, we can envisage that motor activation is implicated in both tasks. Classically, the judgment of pointlight actions is known to engage the motor system (BidetIldei et al. 2010; Casile and Giese 2006) . For example, at the neurophysiological level, some experiments have shown that motor cerebral circuits, such as those observed in the dorsal premotor, supplementary motor, middle cingulate, somatosensory (BA3, BA2, and OP1), superior parietal, middle temporal cortex and cerebellum, are activated during the observation of human actions (mirror neuron system, e.g. Gazzola and Keysers 2009) . At the neuropsychological level, patients who present with motor deficits have difficulties judging human actions (e.g. Chary et al. 2004) . Finally, at the behavioural level, visual preferences for human movements are based on the same spatial-temporal regularities as action production (e.g. Bidet-Ildei et al. 2006) . Therefore, the specific correlation obtained in the present experiment between the judgments of action verbs and the judgments of point-light action is in favour to a common processing based on sensorimotor representations. Moreover, this finding is in line with the previous experiments that demonstrated that action word understanding is functionally related to the motor system (see Fadiga et al. 2009 for review; Fischer and Zwaan 2008; Jirak et al. 2010) . However, as previously demonstrated in the literature Khader et al. 2010; Marangolo et al. 2012) , in the current experiment, we show that action production is not essential to mediate the action-semantic relationship. Indeed, we provide evidence that a direct relationship exists between action observation and action word understanding, which suggests than motor representations are most essential than pure motor production in the action-language relationship.
Our interpretation between action recognition and action word recognition accords with the representational view of embodiment, which suggests that processing of actionrelated words is grounded by the activation of brain's motor areas representing motor actions . It is also in accordance with the recent works in neuropsychology that showed that action observation is sufficient to facilitate verb recovery in aphasic patients (Marangolo et al. 2010 (Marangolo et al. , 2012 . One explanation for this effect could be that both the judgments of action words and the visual judgments of point-light actions are based on a similar action simulation processing. This idea has been evoked in some works Marangolo et al. 2012) and is related to the theoretical viewpoint that postulates that action words can serve to implicitly prepare the individual for future actions, similar to action observation (Barsalou 2009; Willems et al. 2010) . This is finally in line with a recent study that demonstrated that the ability to imagine action is related to the ability to recognize point-light biological motions (Miller and Saygin 2013) . At a neurophysiological level, the STS or the extrastriate body area could constitute common structures both activated for action words and action observation processing. This neurophysiological hypothesis is in agreement with studies which demonstrate specific activations in these areas when human evoked human action verbs (Lin et al. 2011) or heard action sentences (de Vega et al. 2014 ). However, it should be assessed in the future experiments.
To conclude, the present experiment demonstrates for the first time, at a functional level, the existence of similar mechanisms between action words and action observation processing. Similar to pseudo-words, the judgements of pseudo-actions induce response times increase and accuracy decrease. Moreover, the correlational analysis shows a direct relationship between the treatment of action verbs and the treatment of human actions. Crucially, the ability to judge point-light human actions is specifically related to the ability to judge action verbs consistent with the existence of common processing between the two tasks. Altogether, these findings argue in favour of ''embodied theory'' suggesting that action observation and action words judgements share common properties through the involvement of common motor representations (Bidet-Ildei et al 2011; Khader et al. 2010 
